The impact of climate change on water resources through increased evaporation combined with regional changes in precipitation characteristics has the potential to affect mean runoff, frequency and intensity of floods and droughts, soil moisture and water supply for irrigation and hydroelectric power generation. The Ganga-Brahmaputra-Meghna (GBM) system is the largest in India with a catchment area of about 110Mha, which is more than 43% of the cumulative catchment area of all the major rivers in the country. The river Damodar is an important sub catchment of GBM basin and its three tributaries-the Bokaro, the Konar and the Barakar form one important tributary of the Bhagirathi-Hughli (a tributary of Ganga) in its lower reaches. The present study is an attempt to assess the impacts of climate change on water resources of the four important Eastern River Basins namely Damodar, Subarnarekha, Mahanadi and Ajoy, which have immense importance in industrial and agricultural scenarios in eastern India. A distributed hydrological model (HEC-HMS) has been used on the four river basins using HadRM2 daily weather data for the period from 2041 to 2060 to predict the impact of climate change on water resources of these river systems.
Introduction
Water is a precious natural resource, which is vital for the life, health of people and ecosystem and a basic requirement for the development of a country and, at the same time, it is very complex to manage judiciously. Biswasroy et al., (2011) stated that the participation of each and every stakeholder is needed more, not only preserve or conserve the wetland, but also the biggest benefit of utilizing the water resource resulting emerging his or her life style and livelihood. The complexity has further increased on account of the possible impacts due to projected climate change. The hydrological cycle is likely to be altered due to climate change. Evidence shows that unprecedented changes in chemical composition of earth's atmosphere due to industrialization have the potential to influence hydrometeorology in the future (IPCC, 2001a and 2001b) . Meteorological data compiled over the past century suggests that the earth is warming, but there are significant differences at regional levels. These differences might be due to climate change riding over natural climatic variability. Enhanced temperatures are expected to increase the mean sea level and disrupt the pattern of precipitation on both temporal and spatial scales. Intergovernmental panel on climate change (IPCC, 1990 and 1996) deals with the effect of global warming that would bring changes in annual average precipitation in the order of 20% (Dodrecht, 1996) . Hulme and Vinar (1995) projected greenhouse gas induced climate change scenario based on General Circulation Model (GCM) of Hadley centre for the year 2060 for tropical rain forests including those of Indian sub-continent. The projection is in terms of percentage changes in relevant parameters (from 10% to 70% over North, South, Central and North-East India) as compared to those of the year 1990s. On the other hand, Lal et al., (1995) using the European Community Hamburg (ECHAHA Version 3) model incorporating the effect of both greenhouse gas (GHG) and sulphate aerosol quoted a 10% change of precipitation in India as compared to the 1980s. Although total land area comprises only about 3% of the world's land masses, population in 1990 was 21.3% of the global total and by 2025; it is expected to rise to ~24%. In 1980 the percentage of the population living in urban areas was 23% for India, 28% for Pakistan and 11% for Bangladesh and by 2000 it had increased to 38%, 37% and 21% respectively (Shukla et al., 2003) .
In the Southeast Asian region, climatologically, India is situated in an important position, having very rich collection in flora and fauna. Changes to the present climate system may affect a variety of eco-systems, socioeconomic sector and industry in addition to water resources. Analysis, with long-term historic data shows increase as well as decrease in temperature and rainfall. However, there has been increase in annual temperature in the country as a whole. Climatic variability, in terms of rainfall and temperature, has noticeable spatial and temporal variations. In certain places, climatic extremes such as droughts, floods and timing of rainfall have also increased (Samal et al., 2014) . The global mean annual temperature at the end of the 20th century is almost 0.7 0 C above the mean temperature recorded at the end of the 19th century (Karla et al., 2003) . The extent of variability in the southwest and northeast monsoons leads to fluctuations in agricultural productivity around the trend line. Most of the studies during the last four decades clearly pointed out that monsoon rainfall is trend less and is mainly random in nature over a long period of time, particularly on all-India scale (Mooley and Parthasarathy, 1984) . The analysis of historic data during shows that areas of increasing trend in monsoonal rainfall are found along the west coast, north Andhra Pradesh and north-west India and those of a decreasing trend over east Madhya Pradesh and adjoining areas, north-east India and parts of Gujarat and Kerala (Rupa Kumar et al., 1992) . Standardised Precipitation Index (SPI) and rainfall indices helps in understanding the climate change impacts and droughts. (Mundetia and Sharma, 2014) . Analyses of historic weather data sets indicate rising temperature trends in most locations, with large year-to-year seasonal and annual variation around the trend line. Trends in pan evaporation (Epan) and temperature identified through the Mann-Kendall test over Jaisalmer in India showed simultaneous Epan decrease and temperature rise which confirms the existence of evaporation paradox in the months of winter and post-monsoon seasons as a result of change in climatic condition. (Jhajharia et al., 2014) .Thus, it is obvious from the studies in this area with rainfall and temperature that the understanding of the climatic variability is a difficult task (Shukla et al., 2003; Karla et al., 2003; Rupa Kumar et al., 2003) . On one hand, climate change may further exacerbate the declining water availability to a great extent and on the other burgeoning population growth enhance the water requirement in agriculture, domestic and industrial sector considerably. Involving an adequate number of scientists from developing countries and to propose approaches to address the impact of climate change is the need of the hour (Singh and Patwardhan, 2014) . The vulnerability and adaptive capacity of different societal groups and sectors to the impacts of climatic variability and change is essential for sustainable development in future (Jonsson et al., 2014) . Local coping strategies and traditional knowledge need to be used in synergy with government and local interventions in order to modify the livelihood of people directly dependent on nature with respect to climate change (Kaushik and Sharma, 2015) .
The present research is an attempt to use distributed hydrological modeling to quantify the future water availability of four important eastern river basins in India namely Damodar, Subarnarekha, Mahanadi and Ajoy. The river basins up to the outlet of the upper basin has been given the main emphasis for investigation because the water supply arrangement of the states like West Bengal, Jharkhand and Orissa are considerably dependent up to that part of the respective river basins. Thus the regions up to the outlet of the systems are especially vulnerable to potential changes in regional temperature and precipitation pattern.
Materials and methods

Study area Damodar River Basin
Damodar River perhaps the most important sub basin of the Ganga-Brahmaputra-Meghna (GBM) basin since India's first largest river project is on this river. The Damodar river which lies between the latitudes 23 This river with an uncontrolled catchment, sometimes contribute heavily at Durgapur Barrage during floods. In the plains the river splits into several channels, and ultimately joins the river Roopnarayan & Hughli. The main channels, which presently carry most of the discharge, are Amta and Mundeswari channels. The total length of the river is about 541 km. The total catchment area of the river is 28,015 km 2 , of which 26,015 km 2 the catchment covers the region up to Durgapur Barrage, the outlet of the DVC system (DVC, 1990) .
Subarnarekha River Basin
The . There is one sub basin, which is Dulung sub-basin and the catchment area is 3404 km 2 . Sonakania being the outlet of the upper Subarnarekha catchment, it handles all the upstream runoff. In spite of handling such high volume of runoff, the model simulates the runoff quite effectively. That is why Sonakania has been chosen for comparing the observed and simulated runoff hydrograph for the projected years 2041-2060.
Mahanadi River Basin
The Mahanadi River Basin, a major Indian river basin, is located between longitudes 80 . The basin area in Jharkhand is 3,554 km 2 which is 51.6%of the total basin area. In West Bengal, the basin area is 3,334 km 2 , which is 48.4% of the total. The basin area in Jharkhand is hilly whereas that in West Bengal is mostly plain. About 7% of the total area is under forest and about 63% are under cultivation. Pechlivanidis et al., (2011) stated that hydrological models are important for water resources planning, development and management. Their selection is usually based on data availability, spatial representation, computational cost, and model robustness. The HEC-HMS model (HEC-HMS, 2000 and 2001) requires data on hydrometeorology, soil, land-use, and weather assessment of water resource availability at the desired locations of the basin. The daily rainfall and streamflow data are used for the calibration and validation for river basins in India. The calibration is done based on sub-catchments for basins for all the projected years. The calibration error, expressed as a percent difference of simulated value with respect to observed value, is found to lie within the range of 0.2 to 20% (Roy and Mazumdar, 2005) 
Data acquisition
Input data
Soil and Land use Data-The following data have been used (i) Survey of India topographic sheets nos. 72D/12, 72H/4, 73E/5, 73I/2, 73I/3 and 79A/3 in 1:50,000 scale as collateral data (ii) Soil map from National
Bureau of Soil Survey and Land Use Planning (NBSS & LUP).
Weather data-Daily rainfall and discharge data for the last 43 years (January 1960 to December 2002) for five different sub-basins from Damodar Valley Corporation (DVC, 1970) , West Bengal, India and for a period of twenty years (1971 to 1990) for the other three basins were used for the modeling study. The data generated in transient experiments by the "Hadley Centre for Climate Prediction" U.K., at a resolution 50 km x 50 km of IITM, Pune. The daily weather data of maximum and minimum temperature, rainfall, solar radiation, wind speed and relative speed at all grid locations were processed. The Regional Climate Model (RCM) grid has been superimposed on the sub-basins for driving the weighted means of the inputs for each of the sub-basins. The centroid of each subbasin is then taken as the location for the weather station to be used in the HEC-HMS model. This procedure has been used for present/control (Beven and Hornberger, 1982) . The remaining depth is referred to as precipitation excess. This depth is considered uniformly distributed over a watershed area, so it represents a volume of runoff. In HEC-HMS, the transformation of rainfall excess to streamflow is accomplished by the unit hydrograph procedure (NIH, 1988-89 and NERC, 1975) . There are six unit hydrograph methods available in HEC-HMS, namely userspecified unit hydrograph, Clark's, Snyder's, SCS, Mod Clark and Kinematics Wave methods (Bhaskar et al., 1997; Maidment, 1992; Sherman, 1932 and Singh, 1988) . However, Snyder's method is selected for the present study for the estimation of runoff. The Snyder method does not define a complete unit hydrograph, so the HEC-HMS program utilizes the Clark method in a trial-and-error procedure to complete the hydrograph. Initial Clark Parameters are derived from the Snyder parameters and these are used to compute a Clark unit hydrograph. A new set of Snyder parameters computed from this hydrograph is compared with the given Snyder parameters, and this process is continued for twenty iterations or until the difference between the computed and the given values is less than 1 percent.
The basic governing equation is
where t C , L and ca L denote regional constant representing watershed slope and storage, basin length measured along the water course from the basin divide to the gauging station in km, and distance along the main course from the gauging station to a point opposite the watershed centroid in km respectively.
The Peak discharge per unit drainage area for rainfall excess of standard duration is computed as: The standard duration of rainfall excess is a function of standard lag time and is given by
where t  is the duration of rainfall excess in hours. To permit lag time and peak discharge to be computed for other unit hydrograph durations, the following equation is employed: On account of paucity of space, the calibration for Durgapur, being the outlet of the DVC system of Damodar basin is shown by the stream flow hydrograph (Figs 1(a) and 1(b) ) for the flood year 1978 and dry year 1988. The calibration error, expressed as a percent difference of simulated value with respect to observed value, were found to lie within the range of 0.2% to 20% for all the basins. However, it is worth to mention that the large river valley project like DVC with four reservoirs and one barrage makes the simulation of Damodar basins more challenging, as it becomes a controlled flow system. The reservoir regulations of each individual reservoir are taken into consideration while augmenting the flow volume. 
Results and discussion
Water Resources Assessment
In this present research work, the software Package HEC-HMS (Technical Reference Manual, 2000 and User's Manual, 2001) has been used for the simulation of runoff hydrograph for four important eastern river basins in India. In HEC-HMS the models of channel flow computes a downstream hydrograph, given an upstream hydrograph as a boundary condition. The daily rainfall data and stream flow data were used for the calibration and validation for four important eastern river basins in India. The calibration was done based on sub-basins for Damodar, Subarnarekha, Mahanadi and Ajoy basins for all the historical years (1960 to 2002 in case of Damodar river basin and 1971 to 1990 for other three river basins).
Analysis of the projected hydro meteorological data generated by Hadley Regional climate Model, HadeRM2 and that of the results simulated by the HEC-HMS model for a controlled flow system are estimated in the basin wise namely Damodar, Subarnarekha, Mahanadi and Ajoy river in eastern India. Changes in annual streamflow volume from basin average are shown in Fig. 2 (a) . The reduction in the streamflow volume is at a maximum in the Durgapur sub-catchment in the second decade. As expected the same trend of no changes in the annual stream flow volume of Subarnarekha river at Sonakania outlet point from historical basin average (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) has been observed during the projected years from 2041 to 2060 excepting the year 2059 ( Fig. 2(b) ). About 60% reduction in stream flow volume at Naraj Outlet point from basin average (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) has been observed during ten out of twenty projected years. The annual stream flow volume reduced to about 70 to 75% of basin average during the remaining ten years (Fig. 2(c) ) .The only notable peak observed in the stream flow by hydrograph of 2054 lies in the low flood range of Mahanadi.
It can also be found that when high precipitation is observed, the correlation value of observed and simulated discharge is high (R 2 =0.8792). The monthly stream flow hydrographs depict a gradual shifting of the occurrence of peak flow from the month of September and August to the month of July and June for the projected years (Roy, 2006) . The changes in annual stream flow volume have been found to be less than the basin average flow (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) in the projected years ( Fig. 2(d) ).
Ganga-Damodar Basin
Analysis is made over the entire Damodar basin but owing to paucity of space, the discussion of the results are made on the Durgapur subcatchment only as it is the outlet of the DVC flow system where the augmentation of runoff of all the sub-catchments are revealed through the hydrographs drawn at this point. The water availability in the basin under the changed climate scenario was evaluated using the projected daily precipitation & mean monthly temperature data for 2041-2060 as supplied by Indian Institute of Tropical Meteorology (IITM), Pune. The following conclusions are drawn from the analysis:
The decreased river flow at Durgapur being the outlet of the DVC system, will ultimately affect the availability of water in the basin (Roy et al., 2004) . Decreased peak flows will hinder natural flushing of stream channels leading to loss of carrying capacity and augment the sedimentation rate within the river system. In the event of an increase in the present rate of siltation of the reservoirs and channels, the dependability of the Damodar system may deteriorate. 
Ajay River Basin
The water availability of the Ajay river basin based on the population (GOI, Census, 2001) /capita/year in the projected periods (2040-60) considering the population projection as predicted by UN (1998) .It may be concluded that for large depth of precipitation, the simulated results obtained by lumped approach and that by distributed approach marginally differs (Roy, 2006) . However the lumped model fails to simulate the low-flows. Hence, flood-forecasting studies involving high-flows may be simulated by lumped approach with reasonable accuracy and for both high and low flow simulation, distributed approach using SCS Curve Number (CN) and Muskingum-Cunge method proves to be equally effective. It may further be concluded that the future water availability at Natunhat will be reduced by about 15% for the first four occasions out of twenty projected years (2041) (2042) (2043) (2044) (2045) (2046) (2047) (2048) (2049) (2050) (2051) (2052) (2053) (2054) (2055) (2056) (2057) (2058) (2059) (2060) and it is almost close to the basin average during the remaining years. Thus, the future per capita water availability for the Mahanadi and Ajoy river basins of eastern India will be reduced. The increasing population in the Damodar and Subarnarekha will cause the decrease in the per capita water availability in spite of unchanged streamflow volume predicted for future.
Estimation of hydrological trends in all the four rivers
In the present investigation, we have estimated the hydrological trends for all these four rivers by calculating the hydrologic response index (HRI) and the water availability index (WAI) as described in Table  1 .
Hydrologic Response Index (HRI)
In data sparse regions, development of a response index to hydrological parameters is a crucial issue to reduce uncertainty in hydrological prediction and to improve water resources management strategies (Youjing, 2009) . Hydrologic Response Index is a measurement of degree of retention of water within a specific location. Higher value of HRI indicates low retention capability and lower value represents high retention capability of the specific location. HRI is calculated with the help of rainfall, area, average discharge and maximum discharge and is multiplied with a correction factor to convert it into the scale of study area and is represented as HRI represent the present health of the catchment as retention is directly proportional to degree of healthiness of a basin. Hence, if a basin has a high HRI, it means the basin is degraded and cannot store water for agricultural use and for low HRI the catchment is capable of storing water.
Water Availability Index (WAI)
Water Availability Index represents the availability of remnant water per unit area after deduction of agricultural and industrial requirement from the total available water. WAI is a function of discharge, rainfall, area and non-agricultural consumption of water. Higher the WAI, lower is the water available after the agricultural and industrial use. If a large amount of water in an area remains unused, then the area is not under water stress but the opposite will imply dryness in the region. WAI is a fine index for the measurement of water stress in an area and also helps to calculate the amount of virtual water, which again describes the industrial readability of an area. Meigh et al., (1999) took in their GWAVA (Global Water Availability Assessment) model the temporal variability of water availability into account. The index includes surface water as well as groundwater resources, and compares the total amount to the demands of all sectors, i.e. domestic, industrial and agricultural demands. The month with the maximum deficit or minimum surplus respectively is decisive. The index is normalised to the range -1 to +1. When the index is zero, availability and demands are equal.
with R = surface runoff, G = groundwater resources and D = sum of demands of all sectors.
The surface water availability is calculated as the 90% reliable runoff. The groundwater availability is estimated either as the potential recharge that is calculated from the monthly surface water balance (Gleick, 1987) , or as the potential aquifer yield. Table 1 , River Damodar will be on hydrological stress i.e. the catchment will degrade and the basin will be unable to store the water in 2041. The stress will decrease in 2050 and 2060. According to WAI, the river basin will face severe water stress during 2040-60 and will be in shortage of water. But the basin shows no sign of water shortage except in Durgapur.As Durgapur is a densely populated industrial as well as agricultural zone and as the industry is estimated to grow at a rate of 20% and population at a rate of 25 %; the prediction seems to be showing the reality. In case of River Ajay, only the outlet is in hydrologic stress for the year 2040 and in 2050 and 2060, both subbasin and outlet will be under stress.
Conclusions
Climate change is posing a serious challenge to the existing water resources in India for that matter hydrological studies are required to be undertaken up for assessment of water resources under changed climatic conditions. The reduction in the streamflow volume is at a maximum in the Durgapur subcatchment in the second decade. As expected the same trend of no changes in the annual stream flow volume of Subarnarekha river at Sonakania outlet point from historical basin average has been observed during the projected years from 2041 to 2060 excepting the year 2059. About 60% reduction in stream flow volume at Naraj Outlet point from basin average has been observed during ten out of twenty projected years. The annual stream flow volume reduced to about 70 to 75% of basin average during the remaining ten years. The only notable peak observed in the stream flow by hydrograph of 2054 lies in the low flood range of Mahanadi. The monthly stream flow hydrographs depict a gradual shifting of the occurrence of peak flow from the month of September and August to the month of July and June for the projected years. The changes in annual stream flow volume have been found to be less than the average flow in the projected years. Pechlivanidis et. al., (2015) also found that the impact of climate change on the hydroclimatology of the Luni River in India, based on the CORDEX-South-Asia framework and bias-corrected using the DBS method before being entered into the HYPE (Hydrological Predictions for the Environment) hydrological model region showed -±20% change in the long-term average precipitation and evapotranspiration, whereas more pronounced impacts i.e. ±40% change are expected for runoff. /capita/year in the projected periods considering the population projection as predicted by UN (1998) . For proper prediction of the future scenario of future water availability, the model needs to be calibrated with past diurnal hydrological data (i.e. rainfall, temperature and discharge). But the extensive hydrological simulation is required over the total basin instead of an isolated sub basin of the respective basins and the runoff hydrographs clearly depict that in spite of lack of data as regards the soil characteristics slope and also the land use pattern, the efficacy of the model in simulating the runoff is of high order. It is imperative to say that the availability of hourly rainfall data would simulate the flood peak more accurately. The water availability of the Ajay river basin based on the population (GOI, Census, 2001) of 2001 was estimated as 997 m It may be concluded that for large depth of precipitation, the simulated results obtained by lumped approach and that by distributed approach marginally differs. However the lumped model fails to simulate the low-flows. Hence, flood-forecasting studies involving high-flows may be simulated by lumped approach with reasonable accuracy and for both high and low flow simulation, distributed approach using SCS Curve Number (CN) and Muskingum-Cunge method proves to be equally effective. It may further be concluded that the future water availability at Natunhat will be reduced by about 15% for the first four occasions out of twenty projected years (2041) (2042) (2043) (2044) (2045) (2046) (2047) (2048) (2049) (2050) (2051) (2052) (2053) (2054) (2055) (2056) (2057) (2058) (2059) (2060) and it is almost close to the basin average during the remaining years. HRI and WAI is a good measure of hydrologic and water stress. River Damodar will be on hydrological stress i.e. the catchment will degrade and the basin will be unable to store the water in 2041. The stress will decrease in 2050 and 2060. According to WAI, the river basin will face severe water stress during 2040-60 and will be in shortage of water. But the basin shows no sign of water shortage except in Durgapur. As Durgapur is a densely populated industrial as well as agricultural zone and as the industry is estimated to grow at a rate of 20% and population at a rate of 25 %; the prediction seems to be showing the reality. In case of River Ajay, only the outlet is in hydrologic stress for the year 2040 and in 2050 and 2060, both subbasins and outlet will be under stress.
